Objective: The aim of this study was to analyze the survival of patients with peritoneal dissemination of appendiceal malignancy having incomplete cytoreductive surgery. Summary Background Data: Cytoreductive surgery plus perioperative intraperitoneal chemotherapy has emerged as a new and potentially curative treatment option for patients with peritoneal dissemination of appendiceal mucinous tumors. The goal of surgery is to remove all visible disease. Nevertheless, in some patients, complete cytoreduction is not possible. Methods: Over a 30-year period, 645 patients with epithelial peritoneal surface malignancy of appendiceal origin were treated with cytoreductive surgery and intraperitoneal chemotherapy by a single surgeon. One hundred seventy-four (27.1%) of these patients had an incomplete cytoreduction. A critical statistical analysis of the impact of selected clinical features on survival was performed from a prospective database. Results: Mortality and morbidity rates were 0% and 33.3%, respectively. Median survival of these 174 patients was 20.5 months and their 1-year, 3-year, and 5-year survival rates were 71%, 34%, and 15%, respectively. By multivariate analysis, the presence of signet ring cells and lymph node involvement were independent prognostic indicators of poor survival (P ϭ 0.047 and P Ͻ 0.001, respectively). Patients who underwent more than 1 cytoreduction or repeat intraperitoneal chemohyperthermia showed significant improvement in survival (P ϭ 0.018 and P Ͻ 0.001, respectively) Conclusion: Incomplete cytoreduction plus perioperative intraperitoneal chemotherapy of peritoneal dissemination from appendiceal malignancy results in limited long-term survival. Patients with signet ring histology or lymph node involvement have an especially poor outcome. Repeat cytoreduction and intraperitoneal chemohyperthermia may improve outcome.
M alignant tumors of the appendix are rare tumors, accounting for 0.2% to 0.5% of all cancers of the gastrointestinal tract and diagnosed in 0.9% to 1.4% of appendectomy specimens. 1, 2 Peritoneal surface dissemination of appendiceal malignancy arises from a perforated appendiceal tumor. 3 The primary tumor in the appendix invades through the appendiceal wall or produces a mucocele that eventually ruptures. In both situations, mucus-producing adenomatous epithelial cells are disseminated throughout the abdomen and pelvis. This results in extensive accumulation of mucinous tumor at characteristic sites within the peritoneal cavity. Despite relatively bland histology and better understanding of its etiology and prognostic features, the long-term survival of patients with peritoneal carcinomatosis from appendiceal malignancy remains poor, with reported 5-year and 10-year survival rates of 50% to 75% and 10% to 30%, respectively. 4 The best therapeutic approach remains controversial. Over the past decade, repeated surgical debulking and evacuation of all free mucus with vigorous irrigation has been the sole therapeutic modality. 4, 5 All macroscopic tumor was removed if possible, but a complete cure could never be achieved. Following repeated interventions, tumor entrapment on bowel surfaces resulted in failure of subsequent therapeutic options. All patients eventually succumbed to progressive bowel obstruction and terminal starvation. 6, 7 Beginning in the 1980s, an interest in therapeutic options for peritoneal carcinomatosis emerged. A comprehensive multimodality approach has been proposed that combines extensive cytoreductive surgery using peritonectomy procedures 8 with adjuvant intraperitoneal and systemic chemotherapy, 9, 10 phototherapy, 11 radiotherapy, 9 or intraperitoneal chemohyperthermia (IPCH). [12] [13] [14] For peritoneal surface malignancies arising from appendix cancer, the most promising survival results have been observed in patients treated with complete cytoreductive surgery combined with IPCH. These results need to be confirmed by a longer follow-up. 12, 15 It has become clear that the appendix as a primary cancer site for cancer seeding on peritoneal surfaces is unique and allows for a curative approach to peritoneal dissemination. 15, 16 For this reason, peritoneal surface spread from appendiceal malignancy is considered a paradigm for treatment of a subset of patients with abdominal and pelvic dissemination of gastrointestinal malignancy limited to peritoneal surfaces.
Every study of combined treatment of disseminated appendiceal mucinous malignancy clearly shows improved survival in the group of patients in whom a complete cytoreduction is achieved. 3, 7, 10, 12, 13, 15 Unfortunately, even with the most meticulous radiologic study preoperatively, some patients cannot be completely cytoreduced. Also, some patients with extensive abdominal distension by mucus and mucinous tumor require palliation by a debulking procedure. Elective surgery in this group of patients has been discouraged by some surgeons because of a high morbidity and mortality rate associated with extensive procedures. 4, 14, 17 No prior study directed specifically at the outcome of patients with incomplete cytoreduction has been published. The aim of this study was to analyze the survival of patients with peritoneal surface spread of appendiceal malignancy who had an incomplete cytoreductive surgery for better management of this group of patients.
MATERIALS AND METHODS

Patients
From May 1983 to February 2003, 645 patients with the diagnosis of an epithelial peritoneal surface malignancy of appendiceal origin were treated with a curative intent using a standardized management plan with cytoreductive surgery and perioperative intraperitoneal chemotherapy. 18 This group of patients represents a single surgeon's complete operative experience with this disease during this period of time with no patients eliminated from the data analysis. No patients were lost to follow-up. A total of 174 of these patients (27%) underwent an incomplete cytoreductive surgery and had residual tumor nodules more than 0.25 mm after surgery. A statistical analysis of these 174 patients constitutes the basis of our study, focused on survival and the impact of prognostic factors on survival.
Overall Treatment Strategy
The treatments used in a curative approach to appendiceal malignancy involved 2 major components. The intent of treatment of all patients was maximal surgery combined with maximal regional chemotherapy, and these 2 therapies were blended together into a single treatment plan. Using extensive electrosurgery, 1 to 6 peritonectomy procedures and appropriate gastrointestinal resections were performed in an attempt to remove all visible tumor. 8, 19 Intraperitoneal chemotherapy was withheld perioperatively if small bowel loops could not be separated to allow intraperitoneal access to a majority of peritoneal surfaces. 18 This perioperative intraperitoneal chemotherapy was supplemented postoperatively by additional cycles of combined intraperitoneal and systemic chemotherapy.
Chemotherapy
Of the 174 patients, 37 patients did not receive perioperative intraperitoneal chemotherapy because of the impossibility to achieve near complete separation of bowel loops. The remaining 137 patients received perioperative intraperitoneal chemotherapy with mitomycin C and 5-fluorouracil. Before March 1993, patients were given normothermic mitomycin C as early postoperative intraperitoneal chemotherapy (EPIC) on postoperative day 1 at a dose of 12.5 mg/m 2 for males and 10 mg/m 2 for females. The 5-fluorouracil has always been given at 650 mg/m 2 on postoperative days 2 to 6 or 1 to 5. 18 Seventy-six received EPIC. As hyperthermic intraoperative chemotherapy became available after March 1993, the same dose of mitomycin C was given in the operative room with 41 to 42°C heat and manual distribution of the chemotherapy solution. 18 Sixty-one patients were given IPCH. This was given in the absence of 5-fluorouracil in 11 patients if there was a high risk for fistula formation. Intraperitoneal chemohyperthermia was combined with EPIC 5-fluorouracil in 50 patients.
Twenty-four patients had been previously treated with intraperitoneal chemotherapy and 56 patients with systemic chemotherapy. Thirty-three patients also received 3 cycles of combined intravenous mitomycin C and intraperitoneal 5-fluorouracil at monthly intervals postoperatively. Fifty-six patients received postoperative systemic chemotherapy as clinically indicated with various regimens involving 5-fluorouracil, leucovorin, oxaliplatin, mitomycin C, paclitaxel, irinotecan, and cisplatin. The information regarding preoperative and adjuvant chemotherapy was incomplete; a great majority of the systemic chemotherapy treatments were not given at our institution.
Clinical Data
The clinical features selected for analysis with survival as an end point were age, gender, prior surgical score (PSS), completeness of cytoreduction (CC) score, morphologic type of tumor (adenomucinosis, hybrid type, mucinous carcinoma), presence versus absence of lymph node involvement, presence versus absence of signet ring cells, and number of operative interventions. Also, treatment variables were treatment versus no treatment by preoperative systemic chemotherapy, preoperative intraperitoneal chemotherapy, IPCH, EPIC, long-term intraperitoneal chemotherapy, and adjuvant systemic chemotherapy. The significance of each of these clinical features was analyzed for each group.
Quantitative Prognostic Indicators for Peritoneal Surface Malignancy
The PSS allowed an assessment of the anatomic locations in which prior surgery had been performed. When the previous operative notes on the patients were reviewed, a judgment was made regarding the anatomic sites of prior Annals of Surgery • Volume 240, Number 2, August 2004 Incomplete Cytoreduction and Pseudomyxoma Peritonei surgical dissections. The summation of these dissections was recorded on a diagram of the abdominopelvic regions. 20 In patients with a PSS of 0, diagnosis of peritoneal carcinomatosis was obtained through biopsy only, or by laparoscopy plus biopsy. A PSS of 1 indicated only a prior exploratory laparotomy. Prior surgical score 2 indicated exploratory laparotomy with some resections. Usually this was a greater omentectomy or greater omentectomy plus a right colectomy. A PSS of 3 indicated patients had undergone a prior attempt at complete cytoreduction. This was usually greater omentectomy, right colectomy, hysterectomy, and bilateral salpingo-oophorectomy, with the possibility of other resections from both abdominal organs or parietal peritoneal regions. The CC score was used to estimate residual disease after the definitive cytoreduction. Patients with a CC score of 0 (no visible tumor remained) or 1 (tumor implants less than 0.25 cm) were designated as complete cytoreduction and were excluded from this analysis. The score was determined by the size of the largest tumor mass left behind at the completion of the resection. 20 A score of 2 (CC-2) indicated tumor implants of 0.25 to 2.5 cm in greatest dimension. A score of 3 (CC-3) indicated tumor nodules of greater than 2.5 cm in greatest dimension or a layering of disease from a coalescence of cancer nodules.
The morphologic type of mucinous tumor was read as disseminated peritoneal adenomucinosis (grade 1), hybrid type (grade 2), or mucinous adenocarcinoma (grade 3). 21 Disseminated peritoneal adenomucinosis indicated scant epithelial cells existed as single cells or as a single layer surrounding a glandular structure. Fibrous matrix was minimal. Epithelial cells appeared bland without atypia or mitoses. Hybrid type tumor contained both the morphology of adenomucinosis and mucinous adenocarcinoma. The great majority (95% or more) of the tumor mass in these patients was typical of adenomucinosis, but areas of cellular atypia or a confluence of glandular structures were apparent. Mucinous adenocarcinoma indicated that signet ring morphology, cellular atypia, or invasion was evident in the large part of the specimen.
Lymph node status was determined within ileocolic and right colic nodes at the time of initial appendiceal malignancy treatment and at the time of cytoreduction. The presence versus absence of appendiceal malignancy in lymph nodes as well as the presence versus absence of signet ring cells were analyzed for their impact on survival.
Statistical Analysis
Data were recorded and analyzed on a commercially available program (Staview 4.5, Abacus Inc., Berkeley, CA). Survival was analyzed from the time of the definitive cytoreduction at this institution. The survival curve distribution was calculated by the Kaplan-Meier method. Univariate analysis with the log-rank test was performed for each clinical and therapeutic variables. The response variable was survival in months for the clinical features that were compared. The P values were calculated for each analysis. The follow-up for survival was 100%, and no patients were censored from the data analysis. A multivariate analysis using a Cox regression was performed to determine which variables were most strongly correlated with survival. All variables that were close to significance (P Ͻ 0.01) by univariate analysis were included in the model. Two-tailed P Ͻ 0.05 was considered statistically significant.
RESULTS
Of the 645 patients treated for peritoneal surface spread of an appendiceal malignancy, 174 (27%) underwent an incomplete cytoreductive surgery: 37 patients underwent a CC-2 resection and 137 a CC-3 resection. There were 99 males and 75 females with a mean age of 52.7 years (range 19 -88). Forty-eight patients had a PSS of 0 to 2, and the other 126 patients had a PSS of 3. The median survival of these 174 patients was 20.5 months and their overall 2-year, 3-year, and 5-year survivals were 42.8%, 34%, and 15.3%. The Kaplan-Meier survival distribution is shown in Figure 1 .
Survival by Perioperative Intraperitoneal Chemotherapy
The patient characteristics and their survival according to the type of perioperative intraperitoneal chemotherapy used are summarized in Table 1 . The median survivals were 58.6 months for patients treated by IPCH alone, 37.6 months for patients treated by IPCH combined with EPIC, 34.7 months for patients treated by EPIC alone, and 33.4 months for patients who did not receive perioperative intraperitoneal chemotherapy (P Ͻ 0.001). The Kaplan-Meier survival distribution for these 4 groups of patients is shown in Figure 2 . 
Survival by Number of Operative Procedures
Of these 174 patients, 141 underwent 1 operative intervention with a median survival of 18.1 month. Thirty-three patients (19%) treated with more than 1 operative intervention had a median survival of 36.8 months (P ϭ 0.003). Patients were selected for additional attempts of combined treatment by clinical criteria. If there was systemic disease, reoperation was not performed. If the preoperative computed tomography (CT) of the abdomen and pelvis showed recurrent disease diffusely layering on small bowel, effective debulking was thought to be impossible and reoperation was not performed. The performance status of the patient was also considered. The Kaplan-Meier survival distribution for patients based on number of operative interventions is shown Figure 3 . Twenty-eight of these 33 patients had 2 operative 
Survival by Assessment of Tumor Histology
Forty-one patients had a disseminated peritoneal adenomucinosis with a median survival of 30.8 months, 64 patients had an hybrid type with a median survival of 20.1 months, and 69 patients had mucinous adenocarcinoma with a median survival of 16.4 months (P ϭ 0.001). The Kaplan-Meier distribution of these 3 groups of patients is shown in Figure  4 . Thirty-six patients presented with signet ring cells on histopathologic examination. The presence of signet ring cells had a significantly negative influence on survival (P ϭ 0.004) ( Fig. 5 ). Lymph node involvement was observed in 22 patients and also had a significantly negative influence on survival (P Ͻ 0.001) ( Fig. 6 ). No patient with lymph node involvement was alive at 2 years.
Other statistical evaluations including age, gender, PSS, CC score, treatment versus no treatment with preoperative systemic chemotherapy, preoperative intraperitoneal chemotherapy, long-term postoperative intraperitoneal che-motherapy, and adjuvant systemic chemotherapy did not have a significant impact on survival.
Multivariate Analysis
By multivariate analysis, the presence of signet ring cells, lymph node involvement, the number of procedures performed, and the use of hyperthermia were the variables that had a significant influence on survival (P ϭ 0.047, P Ͻ 0.001, P ϭ 0.018, and P Ͻ 0.001, respectively).
Morbidity and Mortality
The information concerning morbidity and mortality was prospectively recorded since 1998 and was available on 69 patients. Grade III/IV postoperative complications (National Cancer Institute Common Toxicity Criteria) occurred in 23 (33.3%) of these patients. Two patients suffered combined grade III/IV complications. The most frequent complication was systemic sepsis and was due to urine infection in 6 of 7 cases. There were no postoperative intestinal fistulas. Three patients required a return to the operative room: 1 for postoperative intraabdominal bleeding and 2 for urine leaks. There was no postoperative death. The postoperative complications are summarized in Table 2 .
DISCUSSION
It is difficult to define the optimal management of peritoneal surface malignancy from appendiceal mucinous tumors because of a lack of controlled studies, difficulty with uniform histologic classification, and the rare nature of this entity. 4, 5, 22 In addition, the long natural history makes prolonged follow-up necessary to determine the impact of therapeutic maneuvers. Compared to colon cancer, appendiceal mucinous tumors with peritoneal spread possess a unique tumor biology characterized by a paucity of dissemination to lymph nodes, liver, or systemic sites; this makes them amenable to aggressive local-regional treatment. 10 These malignancies rarely cause treatment failure outside the abdomen or pelvis. As specialized centers report larger numbers of pa- tients, the use of cytoreductive surgery combined with perioperative intraperitoneal chemotherapy appears to be the most effective therapeutic strategy, with 5-year and 10-year survival rates that approach 80% and 60%, respectively, in patients who have a complete cytoreduction. 9, 12, 15 The 5-year and 10-year survival rates from the literature for serial debulking or after incomplete cytoreduction are only 20% and 0%, respectively. These results are confirmed by our analysis with 5-year and 10-year survival rates of 15.3% and 8.3%. The many publications concerning mucinous appendiceal tumors with peritoneal dissemination and with pseudomyxoma peritonei establish that this disease is a lethal one with few survivors at 10 years. Our data are nearly identical to those published by Gough et al in 1994. 9 In 56 patients treated by serial debulking at the Mayo Clinic, there was a 5.9-year median survival and only 32% alive at 10 years. Even though the histopathology suggests a tumor of borderline malignancy, the surgeon must not expect a favorable long-term outcome in the absence of special treatments. The patient should not be advised that this is benign disease, nor should the patient be told that serial debulking in the absence of combined treatment (complete cytoreduction plus perioperative intraperitoneal chemotherapy) can result in a cure. In the absence of the surgical skills required for cytoreductive surgery and an institutional capability for performing perioperative chemotherapy, all of these patients require referral to a specialized center. Treatment nihilism for mucinous appendiceal tumors with peritoneal dissemination is no longer defensible. The morbidity and mortality rates of 69 consecutive procedures combining incomplete cytoreductive surgery and perioperative intraperitoneal chemotherapy were 33.3% and 0%, respectively. These results are comparable to those previously reported by other teams using the same therapeutic strategy for the treatment of peritoneal surface malignancies, with morbidity rates ranging between 24% and 39% and mortality rates ranging between 0% and 14%. 12, [23] [24] [25] [26] [27] In the 2 most important trials dedicated to the analysis of the complications following cytoreductive surgery and perioperative intraperitoneal chemotherapy, the duration of surgery and the number of peritonectomy procedures and resections were the most common predictors of morbidity. 23, 24 In the present study, the morbidity rate appears to be high, but we observed no digestive fistula or postoperative deaths, and most complications were not surgical. Seven of 23 patients presented with systemic sepsis of urinary tract or pulmonary origin successfully treated with antibiotics. The low morbidity and mortality noted in this group of patients reflects the unwillingness of the surgical team to risk a major complication in patients who are having a palliative intervention. There was an avoidance of extensive dissections after limited survival benefits were confirmed by surgical exploration. The low incidence of serious surgical complications could be explained by an aggressive but comprehensive cytoreductive surgery, which was not too extensive in these cases of palliative approach. Surgical expertise and judgment are required to find a balance between the postoperative risk of extensive surgery and benefit in survival and quality of life. When surgical exploration shows evidence of an invasive and unresectable disease process, cytoreductive surgery needs to be limited and comprehensive.
Ronnett et al 22 have already reported the strong influence of histologic features on the prognosis of this disease. The 5-year survival rates after cytoreductive surgery and perioperative intraperitoneal chemotherapy for patients with disseminated mucinous adenomucinosis, hybrid type, and mucinous adenocarcinoma were 86%, 33.6%, and 6.7%, respectively. In the group of patients treated by incomplete cytoreductive surgery, the influence of the histologic type was also found, but was less significant and not an independent prognostic factor. The 3-year survival rate of patients with disseminated mucinous adenomucinosis was 49.7% compared to 34% for those with hybrid type and 23.5% for those with mucinous adenocarcinoma. Two factors seemed to be the strongest indicators of survival: the presence of signet ring cells and the lymph node involvement. No patients with lymph node involvement were alive at 2 years, and the 2-year survival of patients with signet ring cells was less than 30%. The current therapeutic approach does not seam to be adequate for these groups of patients. The use of palliative systemic chemotherapy or neoadjuvant chemotherapy with new promising chemotherapeutic agents such as oxaliplatin or irinotecan need to be considered and evaluated in controlled studies. Lymph node involvement reveals the systemic Our data show that patients who underwent more than 1 procedure had a better prognosis. Esquivel and Sugarbaker reported a 5-year survival of 74% for patients with peritoneal surface spread of appendiceal malignancy treated with second look surgery plus intraperitoneal chemotherapy. They concluded that in patients with peritoneal dissemination from appendiceal tumors, second-look surgery resulted in a significant survival benefit. 28 More recently, Mohamed et al 29 reported a 5-year survival rate of 70% in 45 patients with the same disease treated with 3 or more reoperations. In this group of patients, prolonged survival was significantly associated with a complete cytoreduction. The completeness of cytoreduction was an important determinant of survival except for the initial cytoreduction. This aberration may be due to the surgeon's tendency to stage the initial cytoreduction (gross disease intentionally left behind) in patients with massive mucinous tumor volumes. In these selected patients, the cytoreduction score at the second operation would be the important determinant.
When treatment-related variables were analyzed in this study, patients who received hyperthermic intraperitoneal chemotherapy had a superior survival to those who received normothermic intraperitoneal chemotherapy. Of course, these treatment options were not randomized, and therefore, selection factors may account for the differences in survival between hyperthermic chemotherapy and normothermic chemotherapy. Certainly, because the patients who did not receive 5-FU had the longest survival, one cannot postulate that the more local-regional chemotherapy that was given, the better the outcome. Rather, one might suspect that intraperitoneal chemotherapy in this group of patients with a large volume of residual disease would have little or no effect; the very limited penetration of drugs into large tumor nodules has been repeatedly demonstrated. However, in the laboratory, large tumor nodules are treated very effectively by hyperther-mia. 30 Also, the effects of hyperthermia at higher temperatures are increased in larger tumor nodules. 31 It is quite possible that these data suggest that the local-regional hyperthermia induced in these largely avascular tumors resulted in an effective debulking of the major tumor mass and was thereby an active component of a treatment response.
These studies suggest that in the future, these patients might be treated with aggressive hyperthermia that would be expected to cause a heat-induced cytotoxicity (43°C for 90 minutes). These treatments would be similar to those originally proposed by Shiu and Fortner in 1980. 32 Intraperitoneal chemohyperthermia appears to be the most effective adjuvant treatment of patients with peritoneal carcinomatosis from other origins and is used by most of the teams specialized in the management of peritoneal surface malignancy. 13, 26, [33] [34] [35] To determine the precise effect of IPCH after radical surgery, randomized studies are needed. However, in a rare disease such as peritoneal carcinomatosis from appendiceal malignancy, this seems impossible to realize. The question of quality of life is also important, especially in patients following incomplete cytoreduction with a palliative intent. McQuellon et al 36 reported a better or similar quality of life in 64 patients with peritoneal carcinomatosis from digestive origin, 3 months after IPCH. The same authors recently reported a good quality of life in 17 long-term survivors after the aggressive combination of cytoreductive surgery with IPCH. 37 Again, prospective studies are needed to more clearly evaluate the toxicity and the benefit of this therapeutic approach.
Unfortunately, the sites of treatment failure following cytoreductive surgery plus perioperative intraperitoneal chemotherapy were not recorded in this group of patients. This is a rare disease with patients referred from all part of the United States and some from other countries. Because of the distances involved, follow-up studies were only sporadically recorded, sites of treatment failure were not always known, and cause of death was difficult (usually impossible) to determine. Future prospective data on this important aspect in the treatment of peritoneal surface malignancy are expected.
Long-term survival and cure are not expected for patients with peritoneal carcinomatosis from appendiceal malignancies following incomplete cytoreduction. The combination of comprehensive surgical debulking with IPCH may allow 1-year, 2-year, and 3-year survival rates of 71%, 43%, and 34%, respectively. For patients with signet ring histology or lymph node involvement, new therapeutic strategies are required.
